Abstract. The hatching ability was evaluated in diploid parthenogenetic mouse blastocysts based on the hatching rate, the embryonic contraction, the ultrastructure of the zona pellucida, and the activity of trypsin-like proteinase. The hatching rate of parthenogenetic blastocysts was 24.7% (87/350), which was significantly lower than 48.6% (184/383) in control blastocysts developed from fertilized 1-cell embryos (fertilized blastocysts). During observation for 32 h after blastocoel formation, strong contractions (20% or more volume reduction) occurred more frequently in parthenogenetic blastocysts (2.4 times) than in fertilized blastocysts (1.4 times, P<0.01). The lengths of time needed for re-expansion following both weak (less than 20% volume reduction) and strong contractions were significantly longer in parthenogenetic blastocysts (147.7 and 345.0 min) than in fertilized blastocysts (107.7 and 242.6 min). The zona pellucida showed a dense and homogeneous microgranular appearance in both parthenogenetic and fertilized blastocysts, while the zona pellucida of parthenogenetic blastocysts showed a few cracks in the outer surface. A similar morphological change was also observed in fertilized blastocysts developed following ethanol treatment, suggesting that the zona crack may be induced by ethanol treatment. The thickness of the zona pellucida and the activity of trypsin-like proteinase did not differ between parthenogenetic and fertilized blastocysts. These results suggest that the lower rate of hatching in parthenogenetic blastocysts might be due to the large number of strong contractions that require longer duration for re-expansion rather than changes in the structure of the zona pellucida or the activity of trypsin-like proteinase of the embryos. Key words: Parthenogenetic mouse blastocyst, Hatching ability, Contraction, Time-lapse videomicrography.
h e h a t c h i n g o f m o u s e b l a s t o c y s t s i s accompanied by regional dissolution of the zona pellucida by a trypsin-like proteinase synthesized in trophectoderm cells [1, 2] and trophectoderm cells protrude from the dissolved hole of the zona pellucida [3] [4] [5] . Then the zona pellucida is slit as hatching proceeds due to blastocyst expansion [3] [4] [5] . During hatching, the blastocyst repeats contractions, leading to the enlargement of the zona slit, and finally escapes from the zona pellucida [3] [4] [5] .
In our previous study [6] , however, diploid parthenogenetic mouse blastocysts formed a larger slit in the zona pellucida at the beginning of hatching than did control blastocysts developed f ro m f e rt i l i z e d 1 -c el l e m b ry o s ( f e r ti l i z ed blastocysts), and the duration of hatching in the former was significantly longer than that in the latter. Thus, it was inferred that the hatching ability of parthenogenetic blastocysts is different from that of fertilized blastocysts.
In the present study, therefore, the hatching rate, and also the degree and number of embryonic contractions, the ultrastructure of the zona pellucida and the activity of trypsin-like proteinase, which are thought to be related to blastocyst h a t c h i n g , w e r e e x a m i n e d i n d i p l o i d parthenogenetic mouse blastocysts, and the results were compared with those of fertilized blastocysts.
Materials and Methods

Animal
Mature female mice of the ICR strain prepared by mating at our laboratory were used in the present study. They were housed in autoclaved metal cages and were given a standard diet (MF, Oriental Yeast Co., Tokyo, Japan) and tap water ad libitum in an air-conditioned room (24 C), under controlled lighting conditions (14L/10D; L: 0400 h to 1800 h). The females were superovulated with 5 i.u. PMSG (Serotropin  , Teikoku Hormone Manufacturing Co. Ltd., Tokyo, Japan), followed by 5 i.u. hCG (Gonatropin  , Teikoku Hormone Manufacturing C o . L t d . ) 4 8 h l a t e r . A b o u t o n e t h i r d o f superovulated female mice were mated with mature males of the same strain.
Preparation of embryos
To induce parthenogenesis, unfertilized oocytes recovered from superovulated female mice 14 h after the hCG injection were immersed in M2 medium [7] containing 100 µM EDTA-2Na (EDTA-M2 medium) and 7% ethanol for 7 min at room temperature, and then they were transferred into EDTA-M2 medium containing cytochalasin B (Sigma Chemical Co., MO, USA) at 5 µg/ml for 6 h at 37 C. The treated oocytes were immersed in EDTA-M2 medium containing 0.1% hyaluronidase (Sigma Chemical Co.) to remove the cumulus cells. As controls, sperm-penetrated oocytes with two polar bodies in the perivitelline space (fertilized 1-cell embryos) were collected from superovulated and mated female mice 14 h after the hCG injection. These treated oocytes and the fertilized 1-cell embryos were cultured in 300 µl of EDTA-M2 medium in a culture dish (Multidish 4 wells, Nunc, Roskilde, Denmark) for 22 or 28 h in a CO2 incubator (5% CO2 in air) at 37 C to develop them into 2-cell embryos.
To prepare blastocysts, 2-cell embryos developed from the parthenogenetically activated oocytes and the fertilized 1-cell embryos were separately cultured in 300 µl of M16 medium [8] in a culture dish at 37 C, in a CO 2 culture chamber (SK-1, Sankei, Tokyo, Japan; CO 2 5% in air) equipped with an inverted microscope (DIAPHOT, Nikon Corporation, Tokyo, Japan) or in a CO2 incubator (5% CO2 in air).
Observation of embryonic contraction
The images of parthenogenetic and fertilized blastocysts developed in the CO2 culture chamber were taken at 4 sec intervals by a CCD color camera (Hitachi Electronic Co., Tokyo, Japan) connected to an inverted microscope and recorded by a timelaps e video cassette reco rder (Victor Co., Yokohama, Japan). Recording of the contractions was d one during the 32 h af te r blastocoel formation, according to our previous report [9] . Development of 2-cell embryos to blastocysts was observed after 54 h of culture, and completion of hatching was observed until 72 h after blastocoel formation. The degree of contraction was evaluated by the percentage of volume reduction after contraction. The volume of each blastocyst before and after contraction was calculated from its diameter on a display, measured with a micrometer according to the method of Hurst and MacFarlane [10] . Since the blastocysts were not completely spherical in shape, the mean value of the short and long axes of each embryo was used as the diameter of the embryo. The degree of contraction was classified as weak when the reduction was less than 20% or as strong when it was 20% or more. Morphologically, enlargement of the perivitelline space and reduction of the blastocoel were clear in blastocysts showing strong contractions, but not so clear in those showing weak contractions.
The lengths of time needed for contraction and re-expansion were also analyzed in thirty images e a c h f o r w e a k a nd s tr o n g c o n tr a c ti on s o f parthenogenetic and fertilized blastocysts. The images were randomly selected from the 32 h recordings after blastocoel formation.
Observation of zona pellucida
Expanded blastocysts developed in the CO2 incubator were obtained until 32 h after blastocoel formation and fixed in a 0.1 M cacodylate buffer solution (pH 7.4) containing 4% glutaraldehyde and 2% paraformaldehyde at 4 C for 3 h. After rinsing thoroughly with 0.1 M cacodylate buffer solution (pH 7.4), they were post-fixed in a 0.1 M cacodylate buffer solution (pH 7.4) containing 1% osmium tetroxide. The blastocysts thus fixed were dehydrated in a series of increasing concentrations of acetone, and then embedded in Quetol 812. T h e s e s a m p l e s w e r e s e c t i o n e d b y a n ultramicrotome, stained with uranium acetate and lead nitrate, and then were photographed under an EM-208 electron microscope (Philips Electron Optics, Eindhoven, Netherlands). The thickness of t h e z o n a p e l l u c i d a w a s m e a s u r e d f r o m electronmicrographs of ultrathin sections clearly demonstrating the blastocoel.
To determine whether structural changes in the zona pellucida occurred by sperm penetration or by treatment to induce parthenogenesis, fertilized 1-cell embryos were collected and treated with ethanol alone or combined with cytochalasin B, and the zona pellucida was also observed after the embryos developed to blastocysts.
Demonstration of trypsin-like proteinase activity
Expanded blastocysts obtained until 32 h after blastocoel formation were washed twice with phosphate buffered saline (PBS, pH 7.4) [11] containing 0.4% polyvinyl pyrrolidone-40 (PBS-PVP) and fixed in PBS containing 10% formalin for 30 min at 4 C. The activity of trypsin-like proteinase was detected by the method of Perona and Wassarman [2] . The fixed blastocysts were incubated in a solution containing 4 mg N-α-benzoyl-D, L-arginine β-naphthylamide (Sigma Chemical Co.) which had been dissolved in 0.5 ml dimethyl sulfoxide, 6 mg Fast Garnet GBC salt (Sigma Chemical Co.), and 10.0 ml of 50 mM phosphate buffer solution at pH 7.0, for 10 min at 37 C. Blastocysts incubated in the solution devoid of the substrate were served as controls. Treated blastocysts were washed 3 times in PBS-PVP and placed on glass slides to be photographed under a microscope (OPTIPHOT, Nikon Corporation). A total of 30 embryos were examined in 3 replicates.
Statistical analysis
The rates of development from 2-cell embryos to blastocysts and the blastocyst hatching, and the rate of blastocysts with different trypsin-like proteinase activities were statistically analyzed using one-way analysis of variance after angular transformation. The number of times of contraction, the length of time needed to contract and to re-expand, and the thickness of the zona pellucida in blastocysts were also statistically analyzed by one-way analysis of variance. 
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Results
Blastocyst formation and hatching
As shown in Table 1 , the developmental rate of parthenogenetic 2-cell embryos to blastocysts was 71.1%, which was significantly lower than the 86.7% of fertilized embryos. The hatching rate observed in parthenogenetic blastocysts (24.7%) was also significantly lower than that in fertilized blastocysts (48.6%).
Numbers of contractions
The numbers of contractions during the 32 h after blastocoel formation are shown in Table 2 . Although the total number of contractions and the number of weak contractions (Fig. 1a-e) were not significantly different between parthenogenetic and fertilized blastocysts, the number of strong co n tra c ti on s ( F ig .1 f -j ) i n p ar th en o ge ne ti c blastocysts (2.4 times) was significantly larger than that in fertilized blastocysts (1.4 times). As shown in Table 3 , the mean lengths of time required by parthenogenetic blastocysts for weak and strong contractions were 3.9 and 24.0 min, respectively, showing no differences from those of fertilized blastocysts. However, the mean lengths of time required by parthenogenetic blastocysts for reexpansion following weak and strong contractions were 147.7 and 345.0 min, respectively, which were significantly longer than those of fertilized blastocysts.
Structure and thickness of zonae pellucidae
Only parthenogenetic blastocysts had a few cracks in the outer surface of zonae pellucidae (Fig.  2a) , although both parthenogenetic and fertilized blastocysts had zonae pellucidae with a dense and homogeneous microgranular appearance (Fig. 2a,  b) . The thicknesses of zonae pellucidae did not differ between parthenogenetic and fertilized blastocysts, 2.2 and 2.5 µm, respectively (Table 4) .
Fertilized 1-cell embryos collected from 6 superovulated and mated female mice were treated with ethanol alone or with ethanol and cytochalasin B, and then cultured for development. The zona pellucida was then observed in the resulting blastocysts. The zonae pellucidae of all fertilized blastocysts treated with ethanol alone (n=10) and with both ethanol and cytochalasin B (n=10) had cracks in the outer surface.
Activity of trypsin-like proteinase
When parthenogenetic and fertilized (Fig. 3a , b) blastocysts were treated by the method of Perona and Wassarman [2] , brown granules of Fast Garnet GBC were deposited in the cytoplasm of both blastocysts. The granules were regarded as the presence of trypsin-like proteinase activity, because such granules did not appear in the control blastocysts incubated in the solution devoid of the substrate (Fig.3c) . In parthenogenetic and fertilized blastocysts, the activity was present in the cytoplasm of both mural and polar trophectoderm cells, but not in the cytoplasm of inner-cell-mass cells. In the present study, the activity of trypsinlike proteinase was judged by the amount of deposited granules of Fast Garnet GBC and estimated on a 2-point scale; strong and weak, as shown in Figs.3a and 3b , respectively. The percentages of parthenogenetic blastocysts with a strong or weak activity were not different from those of fertilized blastocysts (Table 5) .
Discussion
Ethanol treatment has been widely used to prepare parthenogenetic embryos [6, [12] [13] [14] [15] . We have confirmed that the initial mode of hatching in parthenogenetic mouse blastocysts is different from that of fertilized blastocysts, and that such parthenogenetic blastocysts take a significantly longer time to start hatching than fertilized blastocysts [6] .
In the present study, it was clarified that the hatching rate of parthenogenetic blastocysts was s igni fi ca nt ly lo wer tha n th at of fe rtil ized The zona pellucida shows a dense and homogeneous m i c r o g r a n u l a r a p p e a r a n c e i n b o t h t h e parthenogenetic and fertilized blastocysts. The zona pellucida of the parthenogenetic blastocyst shows a crack in the outer surface (arrow). Blastocysts b l a s t o cy s t s . O n t h e o t h er h a n d , el e ct r o n microscopic obse rvations showed that the thickness and structure of the zona pellucida in parthenogenetic blastocysts were similar to those in fertilized blastocysts, while the zona pellucida of parthenogenetic blastocysts had some cracks in the outer surface. Since such cracks were also observed in fertilized blastocysts developed following ethanol treatment, it was assumed that the cracks were caused by ethanol treatment. Ethanol treatment used to induce parthenogenesis has been confirmed to reduce the solubility of the zona pellucida of mouse oocytes to α-chymotrypsin [16] . Therefore, the zona pellucida of parthenogenetic blastocysts used in the present study would also h a v e b e e n h a r d e n e d . H o w e v e r , s u c h a characteristic change in zonae pellucidae by ethanol treatment could not be identified by morphological observation in the present study. W e a l s o co n f i r m e d t h a t t h e s t re n g t h a n d localization of trypsin-like proteinase activity did not differ between parthenogenetic and fertilized blastocysts. Although it is unclear whether trypsinlike proteinase is secreted from parthenogenetic blastocysts to a similar extent as that of fertilized blastocysts, the results suggested that the enzyme is equally synthesized by both parthenogenetic and fertilized blastocysts. From these results, it was inferred that a low hatching rate in parthenogenetic blastocysts was not associated with the structure and thickness of the zona pellucida or the activity of trypsin-like proteinase. While the physiological roles of contraction in blastocysts are unknown, the contraction has been observed in cultured blastocysts of rabbits [17] , mice [18] [19] [20] [21] , rats [22] , guinea pigs [23] , hamsters [24, 25] and cattle [26, 27] and is considered to participate in the process of blastocyst hatching [18, 19, 21, 22] . The number of weak contractions did not differ between parthenogenetic and fertilized blastocysts, but the number of strong contractions occurred more frequently in parthenogenetic blastocysts. In the present study, we also confirmed that parthenogenetic blastocysts took a significantly longer time to re-expand following both weak and strong contractions compared with fertilized blastocysts. Recently, we reported that the strong contraction in fertilized mouse blastocysts which completed hatching occurred less frequently than in those which failed to hatch until 32 h after blastocoel formation [9] . From these and the present results, it is suggested that the contraction, particularly the weak contraction plays a more important role in hatching rather than the strong contraction, and that the strong contraction occurs more frequently in blastocysts which fail to complete hatching. Therefore, it is anticipated that parthenogenetic blastocysts showing a low hatching rate will exert a different mode of contractions from those of fertilized blastocysts, characterized by an increased number of strong contractions that require a much longer time for reexpansion. In addition, it is suggested that the hatching ability in parthenogenetic blastocysts is closely related to the contraction rather than the structure and thickness of the zona pellucida or the activity of trypsin-like proteinase.
